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EFFECT CF STMOLATED SERVICE CONDITIONS ON PLASTICS
. By W. A. Crouse, D. C. Caudill, and ¥. W. Reinhart.

SUMMARY

.The effects of simulated service condltions, which involved exposure -
to various combinatlions of moisture, heat, and ultraviolet light, on the -
. welght, dimensional stablility, and flexural properties of reinforced plas—
" tios were investigated. With all factors considered the asbestos—febric -.

phenolic laminste and the glass—fabric wnsaturated—polyester laminate .
were found to be the most resistant materials of those tested. Nome of
the leboratory eging tests correlated with ontdoor weathering with respect
to &ll properties and all maeterials. Selection of a sultdble accelerated
test must teke into comsideration the meteriel to be tested, the property
to be investigated, and the service conditioms which are to be simulated.

INTRODUCTION

.- Information regerding the effects of weathering and various tempera—
ture and humidity conditions on the propertise of laminated plastics 1B
needed to evaluate these materials for use on alroraft end to prepare
specificetions for the materials thaet are found suiteble for this pwrpose.

0 This report presents the results of tests made to determine the ef-—
fects of outdoor weathering, accelereted weathering, and accelerated ~
service conditions on the weight, dimensions, end flexural properties of
nine representative leminated plastics and a macerated—fabric~filled
phenolic plastic. The accelerated weathering test involved exposure to
cyoles of ultraviclet light and fog; the accelerated service tests in~—
volved ‘exposure to cyoles of wvarious temperatures and relative humiditiles.

This investligetion, conducted at the Nationel Bureau of Stendards ’
was sponsored by end. conducted with the fina.mial e.ssistauoe of ths
National Advisory Cqmitteo for Aaronautics.
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MATERTALS

The materials used in this investigation were commerciel products,
selected to include representative phenolic and umsaturated—-polyester
plastics which are the types commonly employed in elroraft structures
and acceesories. The reinforcing fillerse 4in the group of selected plas—
tics included mecerated cotton febrlec, asbestos, cotton and glass fabrics,
and paper. A lignin-paper laminate wes also tested as a control on the
gevorlty of the tests, because of the known dimensional Inetabllity of
this type of plastic.

The materials are described in detail in teble I. They were obtained
in the form of gheots approximately ons—eighth inch thick. Since there
are epprecisble differenses in the properties of individuel sheets taken
from the sume batch, in different batohes mads by the same manufacturer
from time to tims, and in similer lapainates made by different manufacturers,
the data reported herein canrot he applled exactly to all samples of the -
typves tested but can be considerec} cnly as representative of these types.’

TEST SFECIMENS AND PRCCEIURES

Specimens

The specimens subjected to the various exposure conditions were 1
inch by 3 inches by the thickness of the sheet. The length and width
wore machined to within % 0,005 inch. One surface of each sheet was
exrbltrarily designated. as the reference surface. The specimens of the
cloth leminates wexe cut so that- the direction with the greater number
of threads per inch in the reference surface was lengthwise, The
weight of the specimens varied from spproximately 8 to 11 grams.

The specimens were conditioned to approrimate weight equilibrium at
7° F and 50-percent relative humidity prior to starting the tests. The
" periodes of time regquired for the test specimens of the various materials
':: reach weight equilibriwh after the machining operations are given in '
ble IT. '

‘Weight and Dimensicna’

The weight was measured:to the nearest milligrem, the length to the
nearest 0.00L inch, and the width and thickness to the nearest 0.000L
inch. The length wes measured at two places and the width and thickness
at three places. The changes in weight and dimensions were determined
wlth three specimens of each materisl.
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Flexural Properties

The flexural tests werse made in accordance wlith Method No. 1031 of

Fed.era.l Specification L-P-40Q6a (reference 1), using the 240O-pound range

of & 60,000-pound—capaclty hydreulic testing mechine shown in figure 1.
The flexural apperatus, shown in figures 2 and 3, hes been described in
reference 2, ILoad-deflection graphs were cobtalned.in each test on a -
Southwark—'remplm autographic recorder which wes operated by a Southwark—
Poters plastics extensometsr. The 1~ by 3—inch specimens exposed to the
various tést conditions were out into . two 1- by 1.5—inch specimens for
the flexurel tests. DBecause of the limited size of the specimens the
span—depth retio was 8:1 instead of 16:1 as prescribed in reference 1. _
The reference surface of the specimen was on the tension sids during the
test. The radius of the support and pressure pieces was 1/32 inch. The
rate of head separation was 0.0l inch per minute.

The flexurel strength end the flexural modulus of elastiolty were
calouleted in accordernde with the equations given in Method No. 1031 of
reference 1, The maximm deflsction for a l-inch span was calculated
by dividing the actual deflection of each specimen by the actusl span.

The flexural strength values reported are considered +to be accurate to 1
vercent, the flexural modulus of elastlolty values to 3 percent, and the
maximum deflection values to 5 percent. A1), ‘the reported values for fleex—
ural properties are the averages obtained with six speclimens.

The initial values for the flexural propertles were determined om
specimens which were heeted in a circulating—air oven at 122° F for 48
hours and then conditioned for 48 hours at 77° F and 50-percent relative
humidity prior to test. The changes in the flexural strerigth, flexursl
modulus of elastlicity, end meximum deflection in bending as a result of
exposure to the outloor weathering, accelereted weathering, and acceler—
ated service condltions were calculated from these initial or base values.

Outdoor Weathering

Three sets of three 1— by 3—1inch specimens were exposed with the
reference surface toward the light on Decevber 7, 1943, on the roof of
the Industr.al Building, National Bureau of Stendards, on racks at an
angle of 45° fecing south. The specimens were removed. from the roof
efter exposure for 1 year. Cne set was used for determining flexurel
propertles. Measuremonts of weight and dimensions were made on another
set vhich was returnmed to the roof together with the third set for fur—
ther exposure.
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Accelerated Weathering

‘ The accelerated weathering test wes mede in accordance with Method
No. 6021 of reference 1, and involved exposure to oycles of ultraviolet
light and e misty atmosphere. The specimens were turned end for end
every 24 hours to obtain more uniform exposure to the ultraviolet light
over the entire length, The bolits and nuts used for support sbove the
disk were axranged so as to be sulteble for holding the 1— by 3-—inch
speoimens.

- One seot of specimens wee used to measure weight and dimensions and
another set to determine flexural rroperties after exposure to acceler—
ated weathering conditions for 120, 240, 360, and 480 hours, respectively.
All specimens were reconditioned Por 48’ houre at 77° F and 50-percent
relative humidity after each test veriod pricr to meking the meesurements.

Accelerated Service Tests

The accelerated ssrvice tests wers made in accordance with the proce—
duree desoribed in reference 1. The testing conditions included in these
. mbthods represent a start toward esteblishing a group of test procedures

for determining the effects of changes of atmospheric temperature end
humidity upon plastic products. The significance of these procedures,
insofer as correlation with actual service performance is concermed, has
not yot been esteblished; however, they are beling used by the plastics
industry end govermment agencles in the evaluation and procurement of
materials,
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The conditions used in the tests were a8 Pollows:

Period of oondi-
tioning at TT° F
end 50-percent
Temper— |Reletive [relative humidity
- |Pericd|! ature |(humidity [between cyclee
Tost Title (br) | (°F) | (percent) (h:rjc
I |Moderete~temperature 2L 140 85 to 90
test (wet and dry) 2k 1%0 10 48
IT [Moderete—~tempersture T2 140 10 96
test (dry only) . :
IIT |Severe—temperature 2k |° 160 T0 o 75
test . . 2h 160 7
Iv ﬁigh-temperati:re o | 175 | 95 o 100
test 2k 175 5
V {High-low temperature 2k 175 TO 0 75
test o4 ~40 95 to 100
2k 175 5
2k, 1 ko 95 +0.100 T2 .

It is generally assumed that the arder of inereasing severity of these -
tests is as follows: II, I, oI, IV, end V, :

The specimens were suspended individwally over water or saturated
aquecus salt solutlons in 8~ounce bottles to obtéin exposire to the variocus
high relative humidities at elevated temperatures. The relaetive~humidity
velues over saturated asqueous salt solutions referred to in this report
were taken frcm refervence 3. In each of the five iypes of teste desoribed
in the preceding teble s the weight end dimensions of one set of speocimene
¥ore meesured within 10 minutes after the gonclusion of each oyole for
10 oyoles., Other sets were removed at the end of 5 and 10 oycles, re—
Spectively, egain conditionsd at 77° F and S5O0-percent relative humidity
for 48 hours, and tested for flexural properties.

Moisture Content - S
The equilibrium moisture content of the Grade C phenolic laminate

was determined at several temperstures and relstive humidities. The
speclmens, three for each temperature snd relative humidity, were
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conditioned to epproximate weight equilibrium at T7° F and 50-percent re—
lative humidity defore the tests were begun. The specimens were suspended
in 8~ounce bottles over phosphorus pentoxide, saturated aqueous salt sor
lutions, and water, respectively, depending upon the humidity oondition
desgired,

The equilibrium moisture content was calculated as follows:
: Vg ~ W,
Moistwre content, percent -(—e—wa——d'-> 100

where W,. 1s the equili‘brim.might at the indicated temperature and re—
lative humid.ity and W3 is the equilibrium weight at T7° 7 end O-percent
relative humidity. Since the weights of the specimens used to obtain Wy

were not the seme as those used to cbtain the equilibrium weight at the
"higher humidities, Wy for a spscific specimen was calculated as follows:

¥y

WaW(
a 1“1

'where ¥y 1s the equilibrium weight et 77° 7 and 50-percent relative
: . W,
humidity of the specimen used for a higher humidity test and - ‘-\})

) 175

is the ratio oi’othe equilibrium weights at 77° F and d?ercent relative
humidity end 77 F and 50-percent relative humidity, respeotively, [

+the specimen dried over phosphorus pentoxide,

RESULTS AND DISCUSSION
Weight and Dimeneional Changes

The changes 1n weight, length and width, and thickness of the mate—
rials upon exposure to the outdoor weathering, sccelerated weathering,
and accelerated service tests are presented in table ITI, Scme of the
results are shown graphically in figures 4 to 6. In most of the tests
these changes were negative. Most of the positive changes were in thick—
nees. Conseidering the magnitude of the changes regardless of sign, accel—
erated service test IV is the most severe of the test procedures used,
acoelerated service test II is the next in severity, and outdoor weather—
ing followas as third in severity. Accelerated service test I 1s the least
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gevere. The paper—baese phenclic laminates changed several times more in
woight and thickness than the other materials in the ou'bd.oor weathering
tests. )

The relative weight and dimsneional stebility of the verious mate~
rials are shown in table ¥V, In this teble, the materials are rated
according to degree of change, the least change being denoted by & rat—
ing of 1. With respect to weight changes, the glass-fabric unsaturated—
polyester laminate, El, was found to be the most stable; followed dy the
parallel-ply-peper phenolic laminate, Bl; the asbestos—febric phenolis
leminate, K1; end the cross—ply-paper phenclic leminete, Cl. The most
stable material in the length and width was the glass-fabric unsaturated—
polyester laminaete, Bl, followed by the oross—ply-paper phenclic lami—
nate, Cl. With respect to thickness changes, the cotton—fabric phenolic
laminpte, J1, was the most stable, followed by the glass—fabric wmsaturated
polyester lamina.te s El, and the cotton~febric phenolic leminate, Il.,

The laminates tested may be rated from the best to the poorest on
the basls of weight and dimensional stability es follows:

Order of guality
baged on welght | Material
and dimenslonel deslig—' |-
stability: nation Type of laminate
1 . R Gless~-fabric unsaturated-polyester ¢
2 el Asbestoe~fabric phenolic
3 BL Parsllel~ply—paper phenolic
o JL Cotton~febric phenolic
5 - Ccl Crossed-ply—paper phenolic
6 rn Cotton-Fabric unseturated-polyestar
T in A Cotton—febric phenolic
8 H Cotton—fabric umsatureted-polyester
9 DL Lignin peper
10 Al Macerated cotton—febric phenolic
moldling

Chenges in Flsxural Properties

The changes in flexural strength, flexural modulus of elasticlty,
end maximm deflectlon in flexure of the materials upon exposure to the
accelerated weathering and ecoelerated service tests are presented in
teble IV, The resulta are shown graphicelly in Ffiguree T to 9. The
peper and glass—febric laminates had the highest initial Fflexural
strengths and modull of elasticity. Co-
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The results of the tests showed that there were several cases in
which incresses in flexural strength resulted from the accelerated weath-—
oring and service conditions. These.increases 1n strength were attributed
to further cure of the resins. In this connection it is of Interest to
note that, although further cure of thermosetting resins beyond the amount
normally employsd usually causes an increage in modulus of elasticlty and
a decresse in maximm deflection in bending, no such agreement was ob—
served in ell cases in the present investigatiocn.  Experlence shows that
after full cure bas been reached, further eging results in deterioration
of the resin. :

Accelerated service test IV la. the moat severe of the aging proce—
dures with respsct to changes in flexural sirength. Ths outdoor westher—
ing end eccelerated service test I are about equal and mext to text IV
in severity. The accelerated wedthering test and sccelerated service
teat II are about equal and the least severe of the proceduresused.

The relative retention of strength by the various materials 1s shown
in table V. In this table the flexural strength and the flexural modulus
of elasticity are rated according to retention of strength, the material
with the greatest Increase being rated 1 and that with the greatest de—
orease.being rated 11. TFor meximum deflection in flexure, the material
with the greatest negatlve change israted as 1 and that with the greatest
positive change &8 11. The asbhestos—Tabric phenolic leminate, K1, was '
the most resistant with regard to retention of flexural strength dut it
was also the weskest initlally; the astrength increased on exposure to all
the tests. The flexural strengths of ell the other materials deoreased
in one or more of the.aging. tests. The cotton—febric phenolic laminate,
Jl, wes second with regard t0 retention of flexural strength, Considering
the retention of flexurel modulus of elastlcity, the asbestos~fabric phe—~
nolio laminate, X1, was the most resistant, followed by the glass—febric
unsaturatedrpnlyester laminate, El. Considering the effect on deflection
in flexure, the cotton-fabric unsaturated-polyester laminate, Hl, had the
best rating, followed by the cotton—fabric unsaturated—polyester laminate,
¥l, and the cotton—fabric phenolic laminate, Il.

The leminates tested mey be rated frcm the best to the poorest on
the basia of strength retention as follows:
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— 2 — o — '_4‘“
Ordsr of- qua.lity Materiel -
. based.on strength denlg—" -
retention nation Type od'.’ laminate
1 X .. As‘bestos—-fabric phenolio
2 hia Cotton—febric unsaturated-polyestar
3 . -Glass~febric imsaturated-polyester
4 C1 Crossed~ply—peper phemolic :
) Y - - Gotton—fabrie phenolie i
. 6 Jl . §: Cotton~fabric phenclic :
o T ‘HL Cotton~fabrioc msah:rated—:polyasta: -
' 8 Db Lignin peper
.9 - Bl . : Paral;l.el—plmaper phenclic
10 < Al . Medcérgted cot‘bon—fe.‘brio phenolic
. : modlding

P p—— T

General Resistanca

The over—all resistance ratings rcu' the materials were determinea.
by edding the ratings for each property end essigning the material with
the lowest. swm the:ovér—all reting 1, the hext lowest 2, end so forth.
The leminetes tested mdy be rated from the best to’ the poomst on thp
bagis of such owr-all resistame es follows ;

-
L

Order of quality ' Material, .
besed on over-alk denig—
resistance nation . Xype oa’. lahina'ba
1- 'K Asbestos-fa‘brio phenolio
2 El Glase~fabric unsaturated-polyester
3 1 Cotton—~fabric mmsaturated-polyester
h cL Crosged~ply—papsr phenolio
5 Jl Cotton-fabric phenolioc
6 pu Cotton-fabric phenolic
T Bl Parallel-ply-paper phenolic
8 H. Cotton—fabric msa.ture.ted.--polyester
9 m Lignin paper .
10 Al Macerated ¢otton—-fa‘brip phenolio
mlding et e

oy L% T xe F >
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Since the indtdal -flexural prepsrties.of the glass—fabric unsaturated— -
polyester leminate, El, were superior to.those of .the asbestos-fabric . .
phenolic leminate, K1, the El material wes the best of those tested when
hoth s‘ba.'b:!li‘la‘ a.nﬁ. maxim:tm strengt.h are eonsié.pred.. -

------
e v e gt tae

B - - = - L)
1

correla-bion of La.bcra.tbry Aging Tesgts

LI

ThTT, o,

with Outd.odr Weathering
None of the la'bc:ra:ho:v test prooed.ures can be us.ed. with a1l the

ma.'i:erials to 'dbtain chenges’in properties comparable with changes cbiained;

in outdoor weathering testa. A summary of the results of a detdiled com—

perative tébulation is given in. table VI. The reeults also show that the
laboratory evaluation proced.ure for'a specific-material or group of mate—-
rials should be selected by teking into consideration the materials to be .

tested, the properties to bé determinsd, and the conditioms which the
materials will meet ln service.

c0 ,f_ _ Moisturb Content

‘The results of the moieture equ:llibrim teats on 'bhe cottonrfebric
phenclic leiminate, Il, aré reported in table VIL and shown graphically -
in figure 10. 'I'hese results indicate thet 'eéquilibrium is reached more .
rapidly as the temperature is increased. The moisture content decreases
&8 "the temperature -is increassd and-4inoreases as the relative humidity
.1.5 1ncreased.. The meximm molsture content-observed: was 7.l parcent at
T7° F end 100-percent relative htmid.it'y, 31 weeks were required .to reach
eq_uilibrium i.n this ce.ae. . “

wlss .08 .f

-The following equation has heen found. to fit 'l:.he curves in. figu:re

| L Sl . .- M [3S

M =.8R + b(&R)s

T T ' -
where Sl -';* : o N
'_H' moisture cantent, peroent -"-_ R ' '
: “ S .
‘R relative hmni&ity, peroep-t : ¥ .

“arame e o, - P T T S

and a and b ha.va the follou:l.ng values:
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pgrsture | LT b -
. | o.ms0: | ~ o.00032
100 . . L0510 .. .000L3
1hko . 0505 . 00044
175 .0l25 .00L6T

These conetants indicate thet the effeot of temperature ‘on the equilib—
rium moisture content was not great between TT° and 175° F at low ve—
lative humidities and between T7° and 1h0° P at high relative hmidities.
However, the effect of temperature between lh0° end 175° F at high hu-
midities was more pronounced. :

The polint at 100° F and 100-percent releative hcnnidity dces not agree
with the generel pattern indiceted by the other points as shown in figuwre
10. This point was redetermined with three additicmal specimens; the
second determination agreed within. L percent of the first d.etemina.tion.
No reason for thls apparent discrepancy is lmawn

CONCLUSIONS

None of the lsboratory aging tests gave results with all the mate—
rials end for all the properties which correlated with the resulta of
outdoor weathering. A lsboratory evaluation prooceduvre for a materiel
or group of materials should be selected on the besis of the materlals,
the propertics to be determined, and the conditions which the materials
will meet in service.

Accelerated service test IV, consisting in alternate exposure for
ok hours at 175° F end 95— to 100-percent relstive humidity followed by
. 2k hours at 175° ¥ and a relative humidity less then 5 percent, was the
moat severe of those used in this Investigation. All the materlasls ex—
cept the asbestos-febric phenolic laminate, K1, increased in thickness
in this test. This material was the only one which inoreased in flexural
strength and flexurel modulus of elasticlity on exposure to accelerated
service test IV.

The asbestos-fabric phenolic and glass~fabric unsatursted—polyester
tes were +the moat resistent of the materlals tested. The papeyr—
buse phenolic leminates were not so etable in weight and thickness after
outdoor weathering as the other materials tested. These results indicate
thdt the most resistent leminates are those made with materials which are
ledht affected by water. .
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The equilibrium moisture.content for cotton-fabric phenolic laminate
decreased with an increase in temperature and a decreace 1ln relative hu—
midity. The time for attalmment of equillbrium decreased with an in—
crease in temperature. The temperature effect on the egquilitrium mols—
ture content was hot eo pronounced tetweem T7° &nd 175° F at low relative
humidities and between 77° end 1400 F ut high relative bhumidities as it
was between 140° and 175° F at high relative humidities.

Rational Bureau of Standards , .
Waghington, D. C., -September 13, 1946,
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TABIE II.—~ CONDTYIONIEG (F PLASTIC SFECIIERS TO WEIGHT EQUILIBRIUM
AT 77° F AND 50-FERCERT EELATIVE BUMIDITY

Approximate Approximate Approximate
Material | time to reach | time to reach | time to reach | Approximate Increase in
deslg~ | 50 percent of | T5 percent of | 90 percent of | time o0 reach woligat at
nation | equilibrimm equilibrlum equilibrivm equilibrimm eqguilibrium
percent)
Al 16 days 7 weeks 10 woaks 15 weeks 0,49
ap1 8 weeks 16 weeks 25 wooka 52 weeks 1.35
b1 6 weeks 13 weeks 22 wooks 32 weeks 1.10
c1 7 wecks 14 wooks 25 weks 52 weeks 1.23
m 12 deys 31 days 8 weeks 11 weeks .59
4] 2 days g days 7 daye 4 weaks .07
¥l 6 days 13 daye Lo days 9 woeksg i
HL T days 21 days 36 days 9 woekn 45
in} 12 days 27 days 56 days 1k weeks .66
J1 12 days 7 weeka 11 weeks c‘16 wooks 0.76
KL 52 weeks .65

89pecimens cut lengthwise.
beecimens cut crosswise.
°Not at equilibrium after 1 year.
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ADOELYRATED WRATHERING, AXD AOOELERATED SNAVIOR TEBTS.

YABLE III,~ (FLANGES IN WEIGHY AND DDIGNSIONS OF PLA9TIOS DURING OUTIOOR WEATEERING,

m REOPI2TAUSE  IAONBHRMAD  RAIRRDBRANRA
# Rl bR AR R S & A ok Rk A R A
m SERETRERAE]  WAAILIEERS  YROIENGRRRS
Rigddgriddadsd  §999999999F T 999T9IT
,m RARRUARLSERS  RAASLL84WNT  JSELESRIMNM
diddqgddgd  §999999999F  THTITTTITIT
SESRARNDZS% BB |EIEMERNR RHRIIRERRASRD
ddddddddTd 99199999997 §9999999959
REAHEAAANAR  MER3¥NERWANS REDRARRNAER
P e Ik L L 3 99999997955  §-cdqgdSqgde
EERNRR0dcny, o ESEGAEBANEE  KEgSnERINER
FIFFTHATT - 9999999959 §o-SSdSagdg
BARAOSSRENOR | WSESNEIHNAE « BOGITNESHEY
TEIITITT - 9999579957 = §955575S4¢S
SUAIRSSKING | SESCHEESNES o DIEYSuSSTSY
11999949799 - TTETTITITT o §999999999¢
" 3
S2ERPRINARRE WBABRONARTY  SREDARNREDR
ririniaigrirkeld 9999°9999F TIETOTPTTT
READRNCENRE  EEESENNGANS  DUISREEAMA
Jrhdddgddddd  §39999599S  iqinSF 9444
PMERGDRIZE RABNASENANE  ESIBREDWARP
S $999959999F TITITSTIINT
FRESCIORAER  HRSBEARERAS  IRINASRINRE
AL T ¢§59299999F  T9999°9 7979
SRAFIARIREDE  BADANSREIES  YuUSRMUIAAAP
Fr-{IFITT 9979999995  SARddddgsd
JHHERERESRY  4RHEERREDGE | dNHOHRRENAH
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20 NACA TN No. 12%0

TABLE VI,— CORSELATION OF LABCRATORY AGING FROCEIUPES
WITH CUTDOCR WEATHERTNG

Crder of correlation of leboratory aglng

- _procedures with outdcor westhering?

Property First | Second _TEﬂ.rd Fourth| Fifth

Weight I-5 I-10 | A-120 | IIT-5 | A-ekoO

Length and width I-5 I-10 I-5 A-120 | A-480
Thickness : I-5 I-20 IIT-5 | IIT-10| A-120
Flexural strength Iv5 IIT-10} IvV-10 | V-10 I-10
Flexursl modulus of IIT-10| I-5 I-10 II3-5 | V10

elasticlity

Deflection in flexure A360 | v5 A-240 | V10 -5

:'Only the 5—-.and. 10-cycle accelerated service tests are oonsidered
since these are the only tests for which date are available for all the
properties measured.

®The Roman mumeral indicates the accelerated service test in Method
6011 of reference l; 'the Areblc mmeral following it indicates the number
of oycles. “A" refers to the Accelerated Weathering Method 6021 of refer—
ence 1l; the Arabic numeral following it indicates the number of hours.

NATIONAL ADVISCRY
CCMMITTEE FOR AERCNAUTICS



NACA TN No. 1240 21

TABLE VII.— EQUILIBRIUM MOTSTURE CONTENT CF GRATE C PHENCLIC LAMINATE, T1,
AT VARIOUS RELATIVE HUMIDITIES

Tixe to '
reach
Relative Means or materilals | Moisture ayproximate
‘I'e!n%era.hn-e humidity to cbtain content equilibriuml
Or) (percent) relative humidity | (percent) {weeks)
7 0 Phosphorus pentoxide 0 25
50 Conditioning room 3.1
76 Scdiwm chloride2 k.6 31
5 Potassium chloride® 5.2 25
100 Distilled wmter T.1 31
100 Th Sodiwm chloride2 h,o T
85 Scdium sulfate2 5.0 ko
100 Distilled weter 6.0 31
140 T3 Sodiwm chloride? 1 30
88 Sofilum sullete? 5.2 27
100 Distilled water 6.6 16
(days)
175 3 Sodium chloride® 3.6 4
. 88 Sodiwm sulfate® k.6 T
100 Distilled weter 6.6 6

‘Specimens were initially conditioned et T7° ¥ esnd 50-percent rel—
atlve humidity to weight equilibrium. It is estimated that the speci-
mens are within 2 percent of weight equilibrium at the times indicated.

BSaturated agusous ealuticn.

RATIONAL: ADVISCRY
COMMITIEE FOR AERONAUTICS
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FIGURE 1.- HYDRAULIC UNIVERSAL TESTING MACHINE WITH ELECTRICAL-MECHANICAL EXTENSOMETER
AND AUTOGRAPHIC REOORDIR.
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NAOA TN No. 1340 . Fig. 8

FIGURE 3.- ADJUSTABLE-8PAN FLETURAL JIG AND EXTENSOMETER.
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FIGURE 3.- QLOSE-UP VIEW OF ADJUSTABLE-SPAN FLEXURAL JIG AND EXTEN-
SOMETER USED FOR MEASURING DEFLEOTIONS OF SPEOIMENS IN

FLEXURAL TESTS.
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MATERIALS TISTS
Al. PHENOLIO MAQERATED ¥. OUTDOOR WEATHERING, 1 YEAR
Bl. PHENOLIC PAPER, PARALLEL-PLY . AOCELERATED WEATHERING, SUNLAUP-FOG,
ol. PHmiOLIO PAPER, OROSSED-PLY METHOD 8031, FED. SPEC. L-P-406a
Dl. LIGNIN PAPER 80LID LINE, 130 BOURS
Kl. GLASE POLYISTIR DOTTED LINE, 340 HOURS
Fl. MUSLIN POLYESTER I-VY. AQOCELERATED SERVIOE TESTS, METHOD 8011,
Hl. DUCK POLYESTER FED. SPEQ. L-P-408a
Il. GRADE ¢ PHENOLIO S80LID LINE, 5 OYOLIS
J1l. GQRADE L PHENOLIO DOTTID LINE, 10 OYOLES
Kl. GRADE AA PHENOLIO

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

FIGURE 4.—- OHANGES IN WEIGHT OF LAMINATES IN WEATHERING AND SERVIOE TESTS.
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MATERIALS TESTS . -
Al. PHENOLIO MAOERATED X. OUTDOOR WEATHERING, 1 YEAR
Bl. PHENOLIO PAPIR, PARALLEL-PLY 4. AOOELERATED WEATHERING, SUNLAMP-TOG,
Ol. PHEINOLIO PAPER, OROSSID-PLY METHEOD 6031, FED. SPIO. L-P-408a
D1. LIGHNIN PAPIR 80LID LINE, 130 EOURS
Il. GLASS POLYESTER DOTTED LINE, 340 BOURS )
Fl. MUBLIN POLYISTER I-V. AQOCELERATED SIRVIORL TISTS, METEOD 6011,
Hl. DUOK POLYESTER FID. SPEQ. L-P-408a .
Il. GRADE O PHENOI_-IO SOLID LINE, 5 OYOLES
J1. GRADE L PHENOLIC DOTTED LINE, 10 QYOLES v

Kl. GRADE AA PHENOLIO
NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

FIGURE 5.~ ggggms IN LENGTH AND WIDTH OF LAMIKATES IN WEATHERING AND SERVIOX
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MATERIALS TESTS .
PHENOLIO MACERATED N. OUTDOOR WEATHERING, 1 YEAR
PEENOLIO PAPEIR, PARALLEL-PLY A. AQOELERATED WEATHERING, SUNLAMP-TFOG,
PHENOLIO PAPER, OROSSED-PLY METHOD 6031, FED. SPEC. L-P-408a
LIGNIK PAPER S8OLID LINE, 130 HOURSB
GLASS POLYESTER DOTTED LINE, 340 HOURS _
MUSLIN POLYESTEIR I-V. AOOELERATED SERVIQOL TISTS, METHOD 6011,

Hl.
I1.
Jl.
Xl.

DUQK POLYESTER

GRADE O PHENOLIO
GRADE L PHENOLIC
GRADE AA PHENOLIO

FID. SPEQ. L-P- 408a
80LID LINE, 5 OYOLEIS
DOTTED LINE, 10 OYOLES

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

FIGURE 6.- OHANGES IN THIOKNESS OF LAMINATES IN WEATHERING AND SERVIOL TRSTS.
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MATERIALS TISTS
Al. PHINOLIO MAOXRATED ¥. OUTDOOR WEATHERING, 1 YEAR
Bl. PHENOLIO PAPER, PARALLEL-PLY A. AQGOELIRATED WEATHERING, SUNLAMP-FOG,
OL. PHENOLIO PAPER, OROSSED-PLY METHOD 6031, FED. 6PX0. L-P-406a
DI. LIGHNIN PAPER SOLID LINE, 180 HOURS
Il. GLASS POLYESTER DOTTED LINE, 340 HOURS
Fl. MUSLIN POLYESTER I-V. AOOELERATED SERVIOE TESTS, METEOD 6011,
Hi. DUOK POLYESTER FED. SPEO. L-P-406a
Il. GRADE O PHENOLIO SOLID LINE, 5 OYOLIS
J1. GRADE L PHENOLIO . DOTTED LINE, 10 OYOLES
X1. GRADE AA PHENOLIC NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

FIGURL 7.- OHANGES IN FLEXURAL STRENGTH OF LAMINATES IN WEATHERING AND SERVIOE
TESTS.
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MATIRIALS TESTS

PHENOLIO MACERATED
PHENOLIO PAPER, PARALLEL-PLY
PHENOLIC PAPER, OROSSED-PLY

LIGNIN PAPER
GLASS POLYESTER
MUSLIN POLYESTER
DUOE POLYESTIR
GRADE C PHENOLIQ
GRADE L PHENOLIO
GRADE AA PHENOLIQ

IRG AND

SERVIQOE TISTS.

H. OUTDOOR WEATHERING, 1 YEAR

A.

AQOELERATED WEATHERING, SUNLAMP-FOG,

METHOD 6021, FED. 8PI0. L-P-406a
SOLID LINE, 180 HOURS
DOTTED LINE, 2340 EOURS

I-v.

FED. SPEQ. L-P-406a
SOLID LINE, 6 OYOLEE
DOTTED LINE, 10 OYOLES

ACOELERATED SERVIOE TESTS, METHOD 8011,

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

FIGURE 8.- QHANGES IN FLEXURAL MODULUS OF ELASTIOITY OF LAMINATES IN WEATHER-
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MATERTALS TESTS

PHENOLIO MACERATED N. OUTDOOR WEATHERING, 1 YEAR
PHENOLIO PAPER, PARALLEIL-PLY A. AQOELERATID WEATHIRING, SUKLAMP-FOG,
PHENOLIO PAPER, OROSSED-PLY METHOD 6031, FED. SPEO. L-P-408a
LIGNIN PAPER SOLID LINE, 130 HOURS
GLASS POLYESTER . DOTTED LINE, 340 HOURS
MUSLIN POLYELSTER I-V. AOOELIRATED SIRVIOE TESTS, METHOD €011,

DUCK POLYESTER
GRADEZ O PEENOLIO
GRADE L PHENOLIOQ

GRADE AA PHENOLIOQ

FED. BPX0. L-P-408a
SOLID LINE, 5 OYOLES
DOTTED LINE, 10 OYOLES

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

*PIGURE 9.- OHANGES IN MAXIMUM DEFLEOTION IX FLEXURE OF LAMINATES IN WEATHERING
AND SERVIOL TESTS.
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MOISTURE GONTENT, PERCENT
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

FIGURE 10.- MOISTURE GONTENT OF GRADE O PHENOLIO LAMINATE AT DIFFERENT
RELATIVE HUMIDITIES AND TEMPERATURES.



